Abstract. In this research paper, we found both numerical and analytical solutions for the effect of chemical reaction on unsteady, incompressible, viscous fluid flow past an exponentially accelerated vertical plate with heat absorption and variable temperature in a magnetic field. The flow problem is governed by a system of coupled non-linear partial differential equations with suitable boundary conditions. We have solved the governing equations by an efficient, accurate, powerful finite element method (FEM) as well as Laplace transform technique (LTT). The evaluation of the numerical results are performed and graphical results for the velocity, temperature and concentration profiles within the boundary layer are discussed. Also, the expressions for the skin-friction, Nusselt number and the Sherwood number coefficients have been derived and discussed through graphs and tabular forms for different values of the governing parameters.
Magnetic field parameter

Literature survey of Magnetic field (MHD).
The influence of magnetic field on viscous incompressible flow of electrically conducting fluid has its importance in many applications such as extrusion of plastics in the manufacture of rayon and nylon, purification of crude oil, pulp, paper industry, textile industry and in different geophysical cases etc. In many process industries, the cooling of threads or sheets of some polymer materials is of importance in the production line. The rate of cooling can be controlled effectively to achieve final products of desired characteristics by drawing threads, etc. in the presence of an electrically conducting fluid subject to a magnetic field. MHD plays an important role in agriculture, petroleum industries, geophysics and in astrophysics. Important applications are in the study of geological formations, in exploration and thermal recovery of oil, and in the assessment of aquifers, geothermal reservoirs and underground nuclear waste storage sites. MHD flow has application in metrology, solar physics and in motion of earth's core. Also it has applications in the field of stellar and planetary magnetospheres, aeronautics, chemical engineering and electronics. In the field of power generation, MHD is receiving considerable attention due to the possibilities it offers for much higher thermal efficiencies in power plants. In processes such as drying, evaporation at the surface of water body, energy transfer in a wet cooling tower and the flow in a desert, cooler, heat and mass transfer occurs simultaneously. Rashidi et al. [1] investigated heat transfer of a steady, incompressible water based nanofluid flow over a stretching sheet in the presence of transverse magnetic field with thermal radiation and buoyancy effects. The resulting differential equations with the appropriate boundary conditions were solved by shooting iteration technique together with fourth-order Runge-Kutta integration scheme. Also the analytical solutions were presented in terms of hypergeometric function for the special case of horizontal stretching sheet. Rashidi et al. [2] studied electrically conducting fluid past a rotating disk in the presence of a uniform vertical magnetic field, analytically via Homotopy Analysis Method (HAM), and then applied Artificial Neural Network (ANN) and Particle Swarm Optimization (PSO) algorithm in order to minimize the entropy generation. The homotopy analysis method was employed by Rashidi et al. [3] to free convective heat and mass transfer in a steady two-dimensional magnetohydrodynamic fluid flow over a stretching vertical surface in porous medium. Rashidi et al. [4] found the similarity solutions for the MHD Hiemenz flow against a flat plate with variable wall temperature in a porous medium gives a system of nonlinear partial differential equations. These equations were solved analytically by using a novel analytical method (DTM-Padé technique which is a combination of the differential transform method and the Padé approximation). A new analytical method (DTM-Padé) was developed by Rashidi et al. [5] for solving MHD boundary-layer equations. In this work, it was shown that differential transform method (DTM) solutions were only valid for small values of independent variable. Rashidi et al. [6] have derived analytical expressions for the solution of steady MHD convective and slip flow due to a rotating disk by taking viscous dissipation and Ohmic heating into account. Bég et al. [7] investigated the combined heat and mass transfer by mixed magneto-convective flow of an electrically conducting flow along a moving radiating vertical flat plate with hydrodynamic slip and thermal convective boundary conditions. Freidoonimehr et al. [8] investigated the transient MHD laminar free convection flow of nano-fluid past a vertical surface was considered porous and stretched under acceleration. The boundary-layer forms of the governing partial differential equations (momentum and energy equations) were transformed into highly nonlinear coupled ordinary differential equations (ODEs) using fourth order Runge-Kutta method based shooting technique. Abolbashari et al. [9] employed homotopy analysis method to the entropy analysis in an unsteady magnetohydrodynamic nano-fluid regime adjacent to an accelerating stretching permeable surface with the water as the base fluid and four different types of nanoparticles, copper, copper oxide, aluminium oxide and titanium dioxide. Dinarvand et al. [10] found similarity solutions for the unsteady laminar incompressible boundary layer flow of a viscous electrically conducting fluid in stagnation point region of an impulsively rotating and translating sphere with a magnetic field and a buoyancy force gives a system of non-linear partial differential equations. The effects of rotation and magnetic field of a micropolar fluid through a porous medium induced by sinusoidal peristaltic waves travelling down the channel walls were studied analytically and computed numerically by Abd-Alla et al. [11] . Hatami et al. [12] studied the effect of variable magnetic field on nanofluid flow and heat transfer analysis between two parallel disks. Mixed convection heat transfer of nano-fluid flow in vertical channel with sinusoidal walls under magnetic field effect was investigated numerically by Rashidi et al. [13] . The translational and rotational velocities of magnetic beads traveling on an inclined plane in the creeping flow regime were studied by Rashidi et al. [14] . Rashidi and Esfahani [15] studied forced convective heat transfer in a channel with a built-in square obstacle. Rashidi et al. [16] developed a mathematical model for two-dimensional fluid flow under the influence of stream wise transverse magnetic fields in laminar regime. The characteristics of heat and mass transfer on steady two-dimensional flow of a micropolar fluid over a stretching sheet embedded in a non-Darcian porous medium with uniform magnetic field in the presence of thermal radiation studied by Olajuwon et al. [17] .
Literature survey of Laplace transform Technique.
The Laplace transform is a mathematical tool based on integration that has a number of applications. It particular, it can simplify the solving of many differential equations. We will find it particularly useful when dealing with non-homogeneous equations in which the forcing functions are not continuous. This makes it a valuable tool for engineers and scientists dealing with "real-world" applications. By the way, the Laplace transform is just one of many "integral transforms" in general use. Conceptually and computationally, it is probably the simplest. If you understand the Laplace transform, then you will find it much easier to pick up the other transforms as needed. Inverse Laplace transform methods have a long history in the development of time-domain fluid line models. This paper presents a study combining the new Laplace-domain input/output (I/O) model derived from the network admittance matrix with the Fourier series expansion numerical inverse Laplace transform (NILT) to serve as a time-domain simulation model. A series of theorems are presented demonstrating the stability of the I/O model, which is important for the construction of the NILT method. Laplace transform technique was used by Muthucumaraswamy and Lakshmi [18] to solve the problem of incompressible fluid flow past an infinite isothermal vertical plate which is exponentially accelerated in the presence of magnetic field. Das [19] studied unsteady magnetohydrodynamic free convection flow of a viscous, electrically conducting incompressible fluid in presence of mass transfer, thermal radiation and under the influence of uniform magnetic field by applying Laplace transform technique. Sathappan and Muthucumaraswamy [20] found Radiation effects on exponentially accelerated vertical plate with uniform mass diffusion. An exact solution was found by using the Laplace transform technique. Magnetohydrodynamic rotating heat and mass transfer free convective flow past an exponentially accelerated isothermal vertical plate with variable mass diffusion studied by Philliph et al. [21] . An exact solution in the closed form was found by using Laplace transform Technique. Muthucumaraswamy et al. [22] studied rotation on MHD flow past an accelerated isothermal vertical plate with uniform mass diffusion using Laplace transform technique. Rajput and Kumar [23] considering the radiation effects on MHD flow past an impulsively started vertical plate with variable heat and mass transfer by Laplace transform technique. Deka and Paul [24] presented an analytical solution of unsteady one-dimensional natural convective flow of a viscous incompressible and electrically conducting fluid past an infinite vertical cylinder with constant temperature and magnetic field, applied normal to the direction of flow. Exact solutions of dimensionless unsteady linear governing equations were obtained by using Laplace transform technique. Rajesh and Varma [25] studied radiation and mass transfer effects on exponentially accelerated isothermal vertical plate. The governing equations were solved by the Laplace transform technique.
1.3. Literature survey of finite element technique. In mathematics, the finite element method (FEM) is a mathematical technique for finding estimated solutions to boundary value problems for partial differential equations. Fe 3 O 4 -water nanofluid mixed convection heat transfer in a lid-driven semi annulus in the presence of a non-uniform magnetic field was studied by Sheikholeslami and Rashidi [26] by using control volume based finite element method. The effect of non-uniform magnetic field on nanofluid forced convection heat transfer in a lid driven semiannulus was discussed by Sheikholeslami et al. [27] . In this research work [27] , authors were solved the governing equations by using control volume based finite element method. Sheikholeslami et al. [28] studied the forced convection heat transfer in a semi annulus lid under the influence of a variable magnetic field with the help of control volume based finite element method. Sheikholeslami et al. [29] studied the combined effects of ferrohydrodynamic and magnetohydrodynamic on ferro-fluid flow and heat transfer in a semi annulus with constant heat flux boundary condition. In this research work, the governing equations were solved by using control volume based finite element method. Sivaiah and Raju [30] studied the effect of Hall current on heat and mass transfer viscous dissipative fluid flow with heat source using finite element method. Sheri and Raju [31] studied the influence of Soret on an unsteady magnetohydrodynamics free convective flow past a semiinfinite vertical plate in the presence viscous dissipation. The results of thermal radiation and heat source on an unsteady MHD free convective fluid flow over an infinite vertical plate in occurrence of thermal diffusion and diffusion thermo were discussed by Raju et al. [32] . A numerical study was Garoosi et al. [33] carried out concerning natural and mixed convection heat transfer of nanofluid in a two-dimensional square cavity with numerous pairs of heat source-sinks. In this research, authors solved two-dimensional Navier-Stokes, energy and volume fraction equations by applying the finite volume method. The influence of hall currents on magneto-fluid flow in non-linear embedded in porous medium in presence of magnetic field was discussed by Bég et al. [34] using finite element technique. Anand Rao et al. [35] considered the effects of chemical reaction with heat absorption on an unsteady MHD free convective fluid flow past a semi-infinite perpendicular plate embedded in a porous medium. Anand Rao et al. [36] demonstrated the combined effects of heat and mass transfer on unsteady MHD flow past a vertical oscillatory plate suction velocity using finite element method. Anand Rao et al. [37] studied transient flow past an impulsively started infinite flat porous plate in a rotating fluid in presence of magnetic field with Hall current using finite element technique. The combined effects of heat and mass transfer on unsteady MHD natural convective flow past an infinite vertical plate enclosed by porous medium in presence of thermal radiation and Hall Current was investigated by Ramana Murthy et al. [38] . Rao et al. [39] found the numerical results of the non-linear partial differential equations of free convective magnetohydrodynamic flow past semi-infinite moving vertical plate with the effects of thermal radiation and viscous dissipation using finite element technique. Reddy Sheri and Srinivasa Raju [40] studied the effect of viscous dissipation on transient free convection flow past an infinite vertical plate through porous medium in presence of magnetic field using finite element technique. Srinivasa Raju [41] studied the combined effects of thermal-diffusion and diffusion-thermo on unsteady free convection fluid flow past an infinite vertical porous plate in presence of magnetic field and chemical reaction using finite element technique. Srinivasa Raju et al. [42] studied the application of finite element method to unsteady MHD free convection flow past a vertically inclined porous plate including thermal diffusion and diffusion thermo effects. Srinivasa Raju et al. [43] the analytical and numerical solutions of unsteady MHD natural convection flow over an exponentially moving vertical plate with the presence of Heat Absorption by Laplace Transform and Element Free Galerkin Method respectively.
The aim of the present investigation is therefore, to study analytically and numerically the effect of chemical reaction on unsteady MHD flow past an exponentially accelerated vertical plate in presence of heat absorption and variable temperature. The coupled non-linear partial differential equations with suitable boundary conditions are solved by Finite element method as well as Laplace transform technique. The numerical results are carried out and graphical results for the velocity, temperature and concentration profiles, skin-friction, Nusselt number and the Sherwood number coefficients within the boundary layer are discussed.
Formulation of the problem
In this problem, we consider an unsteady MHD of viscous incompressible fluid flow past an exponentially accelerated infinite vertical plate with variable temperature and variable mass diffusion in the presence of chemical reaction and heat absorption. Initially, the plate and the fluid are at the same temperature We made the following assumptions:
i. All the physical properties of the fluid are considered to be constant except the influence of the body force term. ii. A transverse magnetic field of uniform strength 0 is assumed to be applied normal to the plate. iii. The fluid is supposed to be a slight conducting and hence the magnetic Reynolds number is lesser than unity and the induced magnetic field is small in comparison with the transverse magnetic field. iv. It is further supposed that there is no applied voltage, as the electric field is absent. v. Viscous dissipation and Joule heating in energy equation are neglected. vi. Electric field is neglected.
Under the above usual Boussinesq's approximation, the governing boundary layer equations of the flow field in two dimensional are: Momentum Equation:
Species Diffusion Equation:
Let us assume that, all the physical variables are independent of the ′ -coordinate as the motion is two-dimensional and the length of the plate is large enough. (2.5)
Energy Equation:
In Eq. (2.5) the first term on the left hand side is the sequential velocity gradient term. On the right hand side of Eq. (2.5), the first term replicates the viscous shear effects or momentum diffusion, the second term in the square brackets corresponds to the Lorentzian magnetohydrodynamic retarding force (acting transverse to the magnetic field). 
On introducing the following non-dimensional quantities into the Eqs. (2.5), (2.6) and (2.7) (2.9)
then we get the following governing equations in dimensionless form
The initial and boundary conditions in dimensionless form are as follows:
The appeared physical parameters are defined in the nomenclature. The mathematical statement of the problem is now complete and embodies the solution of Eqs. (2.10), (2.11) and (2.12) focus to boundary conditions (2.13). The Skinfriction, Nusselt number and Sherwood number are important material parameters for this type of boundary layer flow. The Skin-friction at the plate, which in the non-dimensional form is given by (2.14)
The rate of heat transfer coefficient, which in the non-dimensional form in terms of the Nusselt number is given by
The rate of mass transfer coefficient, which in the non-dimensional form in terms of the Sherwood number, is given by 
its final solution under (2.13) will be,
Where 1 and 2 are arbitrary constants. The values of 1 and 2 computed using (2.13), i.e, 1 = 0 and 2 = 1/
From this, we can obtain ( , ).
Also, transforming equation (2.11) we get, (3.5)
Its final solution under (2.13) will be, 
Again transforming Eq. (2.10) we get,
Applying the boundary conditions (2.13), we get
Its general solution will be
where 
Applying the boundary conditions (2.13), its final solution is (3.11)
where
)︂ ,
From Eqs. (2.15) and (3.1), The rate of heat transfer coefficient or Nusselt number as follows:
From Eqs. (2.16) and (3.2), The rate of mass transfer coefficient or Sherwood number as follows:
We now study the expression for Skin-friction coefficient from Eqs. (2.14) and (3.11) which measure Shear stress at the plate is presented in the following form:
Numerical Solutions by Finite Element Technique.
The finite element procedure (FEM) is a numerical and computer based method of solving a collection of practical engineering problems that happen in different fields such as, in heat transfer, fluid mechanics [45] , chemical processing [46] , rigid body dynamics [47] , solid mechanics [48] , and many other fields. It is recognized by developers and consumers as one of the most influential numerical analysis tools ever devised to analyze complex problems of engineering. The superiority of the method, its accuracy, simplicity, and computability all make it a widely used apparatus in the engineering modeling and design process. It has been applied to a number of substantial mathematical models, whose differential equations are solved by converting them into a matrix equation. The primary feature of FEM [49, 50] is its ability to describe the geometry or the media of the problem being analyzed with huge flexibility. This is because the discretization of the region of the problem is performed using highly flexible uniform or non uniform pieces or elements that can easily describe complex shapes. The method essentially consists in assuming the piecewise continuous function for the results and getting the parameters of the functions in a manner that reduces the fault in the solution. The steps occupied in the finite element analysis areas follows.
Step 1: Discretization of the Domain. The fundamental concept of the FEM is to divide the region of the problem into small connected pieces, called finite elements. The group of elements is called the finite element mesh. These finite elements are associated in a non overlapping manner, such that they completely cover the entire space of the problem.
Step 2: Formulation of the Element Equations. A representative element is secluded from the mesh and the variational formulation of the given problem is created over the typical element. i) Over an element, an approximate solution of the variational problem is invented, and by surrogating this in the system, the element equations are generated. ii) The element matrix, which is also known as stiffness matrix, is erected by using the element interpolation functions.
Step 3: Assembly of the Element Equations. The algebraic equations so achieved are assembled by imposing the inter element continuity conditions. This yields a large number of mathematical equations known as the global finite element model, which governs the whole domain.
Step 4: Imposition of the Boundary Conditions. On the accumulated equations, the Dirichlet and Neumann boundary conditions (2.9) are imposed.
Step 5: Solution of Assembled Equations. The assembled equations so obtained can be solved by any of the numerical methods, namely, Gauss elimination technique, LU decomposition technique, and the final matrix equation can be solved by iterative technique. For computational purposes, the coordinate is varied from to , where represents infinity external to the momentum, energy and concentration edge layers.
Variational formulation. The variational formulation connected with Eqs. (2.10)-(2.12) over a typical two-nodes linear element is given by
where 1 , 2 and 3 , are arbitrary test functions and may be viewed as the variation in , and respectively. After dropping the order of integration and nonlinearity, we appear at the following system of equations.
Finite Element Formulation. The finite element model may be obtained from Eqs. (3.18)-(3.20) by replacing finite element approximations of the form: 2) where , and are the velocity, temperature and concentration respectively at the th node of typical th element ( , +1 ), and are the shape functions for this element ( , +1 ), and are taken as:
+1 − The finite element model of the equations for ℎ element thus formed is given by 1, 2, 3 ) are the set of matrices of order 2 × 2 and 2 × 1 respectively. These matrices are defined as follows:
In one-dimensional space, linear and quadratic elements, or element of higher order can be taken. The entire flow province is divided into 11000 quadratic elements of equal size. Each element is three-noded, and therefore the whole domain contains 21001 nodes. At each node, four functions are to be evaluated; hence, after assembly of the element equations, we acquire a system of 81004 equations which are nonlinear. Therefore, an iterative scheme must be developed in the solution. After striking the boundary conditions, a system of equations has been obtained which is solved mathematically by the Gauss elimination method while maintaining a correctness of 0.00001. A convergence criterion based on the relative difference between the present and preceding iterations is employed. When these differences satisfy the desired correctness, the solution is assumed to have been congregated and iterative process is terminated. The Gaussian quadrature is applied for solving the integrations. The computer cryptogram of the algorithm has been performed in Matlab running on a PC. Excellent convergence was completed for all the results.
Study of Grid Independence and Rate of Convergence of Finite
Element Method 4.1. Study of Grid Independence. In general, to study the grid independency/dependency, how should the mesh size be varied in order to check the solution at different mesh (grid) sizes and get a range at which there is no variation in the solution. We showed the numerical values of velocity ( ), temperature ( ) and concentration ( ) for different values of mesh (grid) size at time = 1.0 in the following Table 1 . From this table, we observed that there is no variation in the values of velocity ( ), temperature ( ) and concentration ( ) for different values of mesh (grid) size at time = 1.0. Hence, we conclude that, the results are independent of mesh (grid) size.
Rate of Convergence of Finite Element
Method. The rate of convergence of finite element method with the help of iterations for different values of time on velocity, temperature and concentration profiles in Tables 2 to 4 respectively. From these tables, we observe that there is a very very small error between all the iterations and tending to zero. Hence, we can say that, the current finite element method is stable and convergent.
Comparison of LTT (Analytical) and FEM (Numerical) Solutions
We have obtained a inclusive range of solutions to the transformed conservation equations. To test the strength of numerical finite element computations, we have compared the flow velocity, temperature, concentration profiles and skin-friction, Nusselt number, Sherwood number coefficients in Tables 5 to 7 , respectively with the Laplace transform solutions. It is clearly seen from Tables 5 to 7 , that the results are in excellent agreement. As the accuracy of the numerical solutions is very good, the values of , and corresponding to analytical and numerical solutions are very close to each other.
Results and Discussions
Numerical evaluation of the numerical and analytical results are reported in the previous section was performed and a selective representative set of results is reported graphically in Figures 2 to 21 . These results are obtained to illustrate the influence of magnetic field parameter (Hartmann number), Grashof number for heat and mass transfer, Prandtl number, heat absorption parameter, Schmidt number, chemical reaction parameter and time on velocity, temperature, concentration profiles and skin-friction, Nusselt number and Sherwood number coefficients. For better explanation tables for skin-friction, Nusselt number and Sherwood number have also been provided ( Table 7) . For all computations, the values of the Prandtl number are chosen such that they represent Mercury (Pr = 0.025), Air (Pr = 0.71), Water (Pr = 7.0), Water at 4 ∘ C (Pr = 11.62) and the values of the Schmidt number are chosen to represent the presence of species by Hydrogen (Sc = 0.22), Watervapour (Sc = 0.60), Oxygen (Sc = 0.66) and Ammonia (Sc = 0.78), (Raju et al. [32] ). All the profiles exhibit the asymptotic behavior in the flow due to exponential motion of the plate. This is due to the induced flow generated by the exponentially accelerated plate. In the present study, the boundary condition for → ∞ is replaced by max which is a sufficiently large value of where the velocity profile approaches the relevant free stream velocity and a span-wise step distance of 0.01 is used with max =90.
Effect of Grashof number for heat transfer (Gr).
The influence of Grashof number for heat transfer (Gr) on velocity profiles is presented in Figure 2 . The Grashof number for heat transfer indicates the relative effect of the thermal buoyancy force to the viscous hydrodynamic force in the boundary layer. As expected, it is observed that there is a increase in the velocity due to the enhancement of thermal buoyancy force. Also, as Gr raises, the peak values of the velocity increases quickly near the porous plate and then decomposes smoothly to the free stream velocity. From Table 7 , the skin-friction coefficient increases from 1.63997531 to 1.73338294 with increasing the value of Grashof number for heat transfer (Gr) from 2.0 to 4.0. There is no effect of Grashof number for heat transfer (Gr) on rate of heat and mass transfer coefficients.
Effect of Grashof number for mass transfer (Gc).
For different values of Grashof number for mass transfer (Gc) on velocity profiles is presented in Figure 3 . The Grashof number for mass transfer characterizes the ratio of the buoyancy force to the viscous hydrodynamic force. As usual, the fluid velocity increases and the peak value is more distinctive due to enhance in the species buoyancy force. The velocity distribution reaches a distinctive greatest value in the locality of the plate and then decreases properly to move towards the free stream value. It is perceived that the velocity magnifies with increasing values of Grashof number for mass transfer. As Grashof number for mass transfer (Gc) from 2.0 to 4.0, then the skin-friction increasing from 1.63997531 to 1.80743933 in Table 7 . There is no effect on rate of mass transfer coefficients as Grashof number for mass transfer (Gc) increases from 2.0 to 4.0 in Table 7 . 
Effect of Magnetic field parameter (Hartmann number) ( ).
In Figure 4 the effect of increasing the magnetic field strength on the momentum boundary layer thickness is demonstrated. It is now a well established fact that the magnetic field presents a damping effect on the velocity field by creating drag force that opposes the fluid motion, causing the velocity to decrease. However, in this case an increase in the only slightly slows down the motion of the fluid away from the moving vertical plate surface towards the free stream velocity, while the fluid velocity near the moving vertical plate surface decreases. This phenomenon has an excellent agreement with the physical fact that the Lorentz force generated in the present flow model due to interaction of the transverse magnetic field and the fluid velocity acts as a resistive force to the fluid flow which serves to decelerate the flow. Figure 5 show that the effect of increasing values of magnetic field parameter results in decreasing skin-friction coefficient across the boundary layer because of the application of transfer magnetic field will result a restrictive type force (Lorenz force) similar to drag force which tends to resist the fluid and this reducing its Skin-friction coefficient. As magnetic field parameter ( ) increasing from 0.5 to 1.0, then the skin-friction decreases from 1.63997531 to 1.47647977 in Table 7 . There is no effect on rate of heat and mass transfer coefficients as magnetic field parameter ( ) improves from 0.5 to 1.0 in Table 7 .
Effect of Prandtl number (Pr).
Velocity and temperature profiles for some realistic values of Prandtl number Pr = 0.025, 0.71, 7.0, 11.62 which are important in the sense that they physically correspond to mercury, air, water and water at 4 ∘ C are shown in Figures 6 and 7 , respectively. From Figure 6 , it is found that the momentum boundary layer thickness increases for the fluids with Pr < 1 and decreases for Pr > 1. The Prandtl number actually depicts the ratio between momentum diffusivity to thermal diffusivity and hence controls the relative thickness of the momentum and thermal boundary layers. When Pr is small, that is, Pr = 0.025 (Mercury), it is noticed that the heat diffuses very quickly compared to the velocity (momentum). This means that for liquid metals the thickness of the thermal boundary layer is much bigger than the velocity boundary layer. In Figure 7 , we observed that the temperature decreases on increasing Pr, because lower Pr value has more uniform temperature distribution across the thermal boundary layer as compared to higher Pr value. This phenomenon occurs when the lesser values of Prandtl number are equivalent to increasing thermal conductivity. Therefore, heat is capable to diffuse away from the heated surface more quickly compare to bigger values of Prandtl number. Thus, the temperature of Water (7.0) falls more rapidly compared to Air (0.71) and Mercury (0.025). Near the plate, the temperature is a maximum and approaches zero in the free stream region asymptotically. In Table 7 , Prandtl number increasing from 0.71 to 7.00, decreases the skin-friction coefficient from 1.63997531 to 1.50224813 and the rate of heat transfer coefficient from 0.89517581 to 0.66418824. This is attributed to the fact that as the Prandtl number decreases, the thermal boundary layer thickness increases, causing reduction in the temperature gradient (i.e. ′ (0)) at the surface of the plate. The temperature gradient reduces at the surface because low Prandtl fluid has high thermal conductivity, causing the fluid to attain higher temperature thereby reducing heat flux at the surface. Also, for such low Prandtl number, the velocity boundary layer is inside the thermal boundary layer and its thickness reduces as Prandtl number decreases so the fluid motion is confined in more and more thinner layer near surface, which experiences increased drag (skin-friction) by the fluid. There is no effect of Prandtl number on rate of mass transfer in Table 7. 6.5. Effect of Schmidt number (Sc). The effect of the Schmidt number on the velocity and concentration profiles are shown in Figures 8 and 9 , respectively. As the Schmidt number increases, the velocity and concentration decreases in Figure 8 . This causes the concentration buoyancy effects to decrease yielding Figure 9 shows the concentration field due to variation in Schmidt number for the gasses Hydrogen, Water-vapour, Oxygen and Ammonia. It is noticed that the concentration of the fluid decreases as the Schmidt number increases. The concentration falls gradually and progressively for hydrogen in distinction to other gases. Physically, it is true since increases of Sc mean decrease of molecular diffusivity, which results in decreases of concentration boundary layer. Hence, the concentration of species is smaller for higher values of Sc. In Table 7 , the rate of mass transfer at the plate reducing from 0.68041581 to 0.56507275 sharply when mass diffusivity is decreased or Sc is increased from 0.22 to 0.30. The skinfriction falling from 1.63997531 to 1.48746252 as Sc increases from 0.22 to 0.30 in Table 7 . Also, from Table 7 , the rate of mass transfer at the plate reducing from 0.68041581 to 0.56507275 sharply when mass diffusivity is decreased or Sc is increased from 0.22 to 0.30.
Effect of Heat absorption parameter ( ).
The effect of heat absorption parameter on velocity and temperature profiles are shown in the Figures 10  and 11 , respectively. Figures 10 and 11 illustrate the influence of heat absorption parameter on the velocity and temperature at = 1.0, respectively. Physically speaking, the presence of heat absorption effects has the tendency to reduce the fluid temperature. This causes the thermal buoyancy effects to decrease resulting in a net reduction in the fluid velocity. These behaviors are clearly obvious from Figures 10 and 11 in which both the velocity and temperature distributions decrease as S increases. It is also observed that the both the hydrodynamic (velocity) and the thermal (temperature) boundary layers decrease as the heat absorption effects increase. From the Figures 12 and 13 in Table 7 , it is observed that in the presence of heat absorption, the skin-friction coefficient increases, while the rate of heat transfer reduces considerably for fixed values of remaining parameters. Obviously, in the presence of heat absorption, buoyancy force increases due to which fluid velocity in boundary layer increase considerably resulting in the increase of drag i.e. skin-friction at the surface. Also in the presence of heat absorption the fluid is at higher temperature, hence the rate of heat transfer is reduced at the surface. In Table 7 , the numerical values of rate of mass transfer have no difference (same) for increasing values of heat absorption parameter. Figures 14 and 15 display the effects of the chemical reaction parameter on the velocity and concentration profiles, respectively. As expected, the presence of the chemical reaction significantly affects the concentration profiles as well as the velocity profiles from Figures 14 and 15 . It should be mentioned that the studied case is both for destructive and generative chemical reaction. In fact, as increases, the considerable reduction in the velocity profiles is predicted, and the presence of the peak indicates that the maximum value of the velocity occurs in the body of the fluid close to the surface but not at the surface. Also, with an increase in the chemical reaction parameter, the concentration decreases. It is evident that the increase in the chemical reaction significantly alters the concentration boundary layer thickness but does not alter the momentum boundary layers. Figures 16 and 17 and Table 7 , exhibit the effect of chemical reaction on the skin-friction and rate of mass transfer coefficients. It is seen that an increase in the first order chemical reaction causes a decrease in the skin-friction and rate of mass transfer coefficients at all points. There is no effect of chemical reaction on rate of heat transfer coefficient in Table 7 . Figure 21 , we noticed that the curves for skin-friction and rate of mass transfer coefficients are close to each other. This means that, the numerical values of these coefficients are almost concur each other.
Effect of Chemical reaction parameter ( ).
Conclusions
In this present investigation, we studied the effects of chemical reaction and heat absorption on unsteady, incompressible, viscous fluid flow past an exponentially accelerated vertical plate with variable temperature in presence of magnetic field. Finite element technique along with Laplace transform technique is employed to integrate the equations governing the flow. From the present numerical investigation, following conclusions may be drawn:
1. It was found that when the Grashof number for heat and mass transfer increased, the fluid velocity increased. 2. The velocity, temperature distribution within the boundary layer decreases with the increase in values of the Prandtl number. 3. The presence of heat absorption effects caused the reductions in the fluid temperature which resulted in decreasing in the fluid velocity. 4. Chemical reaction considerably influence on the concentration boundary layer and wall mass transfer rate. 5. Presence of foreign species reduces the velocity as well as thermal boundary layer and further reduction occurs with increasing Schmidt number. 6. For the accuracy purpose, the present numerical and analytical results were compared in all the fields of the flow and found in a good conformity. 7. The fluid motion and the fluid friction may be successfully controlled to some extent by imposing the transverse magnetic field. As such the magnetic field is an effective regulatory mechanism for the flow regime.
